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Abstract Sprinkler irrigation efficiency declines when
applied water intercepted by the crop foliage, or gross inter-
ception (T5,05:), as well as airborne droplets and ponded
water at the soil surface evaporate before use by the crop.
However, evaporation of applied water can also supply
some of the atmospheric demands usually met by plant
transpiration. Any suppression of crop transpiration from
the irrigated area as compared to a non-irrigated area can
be subtracted from I, irrigation application losses for a
reduced, or net, interception (I,.,) loss. This study was con-
ducted to determine the extent in which transpiration sup-
pression due to microclimatic modification resulting from
evaperation of plant-intercepted water and/or of applied
water can reduce total sprinkler irrigation application
losses of impact sprinkler and low energy precision appli-
cation (LEPA) irrigation systems. Fully irrigated corn (Zea
MaysL.)was grownon (.75 m wide east-westrows in 1990
at Bushland, TX in two contiguous 5-ha fields, each con-
taining a weighing lysimeter and micrometeorological in-
strumentation, Transpiration (Tr) was measured using heat
balance sap flow gauges. During and following an impact
sprinkler irrigation, within-canopy vapor pressure deficit
and canopy temperature declined sharply due to canopy-
intercepted water and microclimatic modification from
evaporation. For an average day time impact irrigation ap-
plication of 21 mm, estimated average Ll loss was
10.7%, but the resulting suppression of measured Tr by
50% or more during the irrigation reduced I, loss by
3.9%. On days of high solar radiation, continued transpi-
ration suppression following the irrigation reduced I,
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loss an additional 1.2%. Further 4-6% reductions in Iy,
losses were predicted when aerodynamic and canopy re-
sistances were considered. Irrigation water applied only at
the soil surface by LEPA irrigation had little effect on the
microclimate within the canopy and consequently on Tr or
ET, or irrigation application efficiency.

Introduction

[rrigation increases and stabilizes crop yields in the semi-
arid Great Plains, Irrigation efficiency can be defined as
the ratio of total water stored in the root zone for plant use
to the total amount of water applied (Hansen 196{). Most
sprinkler irrigation water losses are due to evaporation of
water intercepted by and held on the foliage, or gross inter-
ception (L, in mm/h) loss, of airborne droplets either
inside or outside the irrigation application area, and of wa-
ter ponded at the soil surface. In a study on corn using
precision weighing lysimeters (9 wm? surface area), the ly-
simeters measured net irrigation application catches which
averaged 81% for impact sprinklers and 96% for the
low energy precision applicators (LEPA) for an average
application depth of 20 mm (Schneider and Howell
1990).

Inirrigation management, the proportion of the total ap-
plied water that a plant canopy can store for evaporation
is important, and is a function of leaf size. During an irri-
gation, the plant canopy will accumulate water as it evap-
orates until its storage capacity is reached, when drip-off
occurs. After an irrigation, the stored water will continue
to evaporate until the canopy is dry. Measured storage ca-
pacity values for corn include (.4-0.7 mm {Stoltenberg
and Wilson 1950), 2.7 mm (Steiner et al. 1983a), and
I mm for a leaf area index =4 (Norman and Campbell
1983). Norman and Campbell (1983) suggested that
evaporation of plant-intercepted water from canopies
with small leaves, such as wheat, might be as much as
10 mm for a single event under high evaporation condi-
tions.
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These itrigation efficiency losses, however, can also be
expected to supply some of the atmospheric evaporative
demands usually met by plant transpiration. Transpiration
can be reduced both during and alter an irrigation in re-
sponse to the lowered vapor pressure deficit (increased am-
bient air humidity and reduced air temperature) created
when evaporation occurs. In the altered microclimate, the
plant benefits through a reduction in heat stress and main-
tenance of soil water reserves normally being depleted by
transpiration. According to McNaughton ([981), any “sav-
ings”, or decline, in crop transpiration from the wetted area
as compared to & non-irrigated arca can be subtracted Itom
gross interception losses for a reduced. or net. interception
(1 Inmm/h} loss. He predicted an upper limit of net inter-
ception loss to be about 10%: of the applicd waler (or any
but the highest evaporative demand conditions.

The importance of 1, loss is controlled by the magni-
tude of the dilTercnces between dry and wet leat evapo-
transpiration (ET, in mm/h) during and after an irrigation.
Wet leaf ET greatly exceeding dry leaf ET suggests that at-
mospheric demands were not being largely met by tran-
spiration {Tr, in mm/h). Monteith {1965) and Rutter (1975)
pointed out that the ratie between wet leal and dry leat ET
is a function of crop canopy resistance (r., in s/m) and the
aerodynamic resistance to vapor transport (r,., in s/m}.
When r. and r,, are similar in size. the rate of wet leaf ET
will not much exceed the rate of dry leaf ET. McMillan and
Burgy (1960), Trost (1963), and Seginer (1967 ) lfound sim-
tlar ET rates for wetted and dry crops {with non-limiting
soil water and therefore low r.}). However, when r, is an
order of magnitude grealer than T, wet lcal ET will be 3
to 5 times that from a dry canopy. a condition which also
exists for well-watered crops during irrigations at night,
early in the morning, and late in the cvening. Waggoner
et al. (1969) reported short-term evaporation rates of corn
wetted with 0.3-0.5 mm of water that were over 2.5 times
that of a dry canopy, both being measured by lysimeters.
Difterences greater than 500% were noted when the dry
canopy was slightly water stressed (stomata partially
closed). They showed the effect lasted only a short time
{about 10 min) during typical summertime conditions in
Connecticut until the canopy dried and the ET rates be-
came the same.

The microclimatic moditication due to irrigation has
been reported by Robinson (1970), who measured consis-
tent reductions in air temperature and increases in vapor
pressure of 1.16 kPa at 2 0.3-m height over un alfalfa field
that had been sprinkler irrigated, and an increase of
.49 kPa in a field that had been flood irrigated. Steiner
et al. (1983 b) reported significantdeclines ol almost 1.8 °C
for both scasonal means of maximum and minimum leat
temperatures under sprinkler irrigation.

The objective of this research was (o determine the ex-
tent in which transpiration suppression resulting trom mi-
croclimatic modification due to evaporation of plant-inter-
cepted and/or applied irrigation water cun reduce sprink-
ler irrigation application losses from day time impact
sprinkler and low energy precision application (LIEPA) ir-
rigation cvenls (or Mully irrigated corn.

Materials and methods

Corn (Fea Mays 1., h)hrid Pioncer 3124y was p|dm[‘d on (1L75-m
wide east-west rows in 1990 at Bushland, TX in two contiguous
5-ha fields. A weighing tysimeler (Marek et al. 1988), with a 9-m*
surface area and 2.3-m dcplh containing a monolithic profile of Pull-
man clay loam {iine, mixed. thermic Torrertic Paleustoll}), 1s cemtered
in cach field (Fig. 1). Mass changes duc to water loss were measured
with u lever scale with a mechanical advantage of 100:1 and coun-
terbalanced so that about 10% of the bysimeter mass was measured
by u 22.7-kg load cell providing an ET accuracy of 0.05 mm of wa-
ter. Plant densitics on the two lysimeters were 5.4 and 6.1 plants/m?,

Each iysimeter was instrumented with one mast to measure net
radiation |model 3.5, Radiation Energy Balance Systems, [nc.
(REBS), Renton, WA |, and oblique (157 field of view) and nadir (607
field of view) canopy temperature [model 4003 infrared thermome-
ter {IRTY, Tiverest Interscicnee, Inc., Fullerton, CA|. The obligue and
nadir IRT measurements were averaged for canopy temperature val-
ues used in calculations. The instruments were located at | m above
the crop surlace.

Wind speed (cup anemometer model 314 A, MetOne, Inc., Grants
Puss, OR) profile, and air temperature and vapor pressure profiles
were measured separately on two masts in close proximity to each
lysimeter. Periods with wind speeds less than (.5 m/s were exclud-
ed lrom analysis. Air temperature and vapor pressure were deter-
mined from aspirated wet- and dry-bulb psychrometers similar to
that described by Lourence and Pruitt (1969}, Normally, the wind
speed and temperpiure instruments were located ot 1.0, 1.3, 1.8, and
2.8 mabove the crop surface. Just prior to an irrigation, the wet- and
dry-bulb psychrometer, radiation, and ancmometer masts were low-
ered 1o allow clearance ol the lateral move irrigation system. Dur-
ing this period, wind speed was estimated based on regression of
wind speed at 1.8 m above the crop on 2-m or 10-m wind speed
{over grass) at a weather station adjacent to the lysimeter fields, and
net mdldllun was extimaled as 0.77*R . where R, is solar radiation
(\Wm Y measured at the weather \mlmn The l‘(ldldll()ll and anemom-
eter masts were returned to normal elevations above the crop surlace
as 000 as possible (5-10 min after system crossover). To measure
within-canopy profiles of air temperature and vapor pressure delicit
(VPD. in kPa) during and following an irrigation, the wet- and dry-
bulb psychrometer mast remained within the cunopy, usually until
the following day. When within the canopy. the psychrometers were
at 0.36, .66, 1.16, and 2.16 m above the ground surface. Following
anthesis laboul day of year (DOY) 2101, the top psychrometer was
approximately 0.1-0.2 m below the crop canopy surface.

Soil heat Mux at each lysimeter was measored using four soil heat
flux plates (REBS model HFT-1) (two in furrows and two in rows)
at the 0.05-m depth. The soil heat flux was corrected for the heat
storage in the 0—0.05-m depth as determined from soil temperature
in that layer und the heut capacities of the minerals, organic matrer,
and water conlent soil constituents.

Transpiration of three to four plants on each lysimeler was esti-
mated from sap flow measured with heat balance sap {low gauges
(Dynamax, [ne. Model SGB-19) based on designs by Baker and Van
Bavel (IL)BT) Mcdn mass sap lus was converled o a transpiration
flux (kgh™' ey 2y on an areal basis by mulllplymrb the mean plant (p}
density (p/m?) by the mean mass sap {lux (kgh™' p~'). This approach
assumed that jndivideal plants selected for sap H(m measurement
are representalive of the entire population (Ham et al. 1990). Trans-
piration was occusionally overestimated lor brief periods in the
morning. possibly related (o the chunges in water capacitance of the
plant.

Soil moisture was kept above 753% of ficld capacity with 4
450-m long lateral move irrigation system ¢quipped with overhead
impact sprinklers located about 4.3 m above the ground and LEPA
devices (Lyle and Bordovsky 1981, 1983) 0.3 m above the ground.

! The mention of trade or manufacturer names is made for informa-
tion only and does not imply an endorsement, recommendation, or
exclusion by USDA-Agricultural Rescarch Scrvice



The Senninger 6% impact sprinklers (model 40086) had 6.75 mm
{17/64 in) diameter nozzles and operated at about 210 kPa pressure.
They were placed at 6.1-m intervals along the muinline, and had an

average 30-m wetted diameter and a peak application rae of

1o mm/h, The LEPA devices (Rainbird} were metered through Scn-
ninger 360" Super Spray devices with 3.18 mm ( 1/8 in) nozzles that
operated at about 225 kPa pressure, The LEPA method had o peak
application of 125 mm/h, deposited waler into ulternating furrows
1.5 m apart, and typically did not wet the canopy. The uppmximarc
application rale for (he impact sprinklers was 6.0 Lmin 'm™'
(048 ¢ bplm"ll Mlow rute per unit lateral lengthy and for LEPA was
6.4 Lmin~' m™' (0.52 gpm/fry. This permitted compunsons between
paired irrigation events (e.g.. sprinkler vs. LEPA, sprinkler vs. nonc)
tor werted and dry canopy trunspiration values. Irrigation method
was alternated between the two Iysimeters, The irrigations occurred
near solar noon and the cumulative BT data presented do not repre-
sent total datly vilues.

The micrometeorological and lysimeter data were recorded at
cach lysimcter with separute dataloggers (model CR-7X, Campbell
Scientific, Inc., Logan, UT). The lysimeter load cel| data were meas-
ured ut 1-Hz mmp]mg trequency, with 5-min means and standard de-
viutions recorded. The micrometcorelogical sensors were measured
at 0.17-Hz frequency and recorded as 15-min means. The S-min ly-
simeter data and the 13-min micrometeorological dara were compos-
ited into 30-min mean values. Immediately after an irrigation event,
the 3-min lysimeter data were composited inte [ 5-min meuns for a
more detailed analysis of ET.

The irrigation application (Ap, in nun/h) was determined as the
nct gain in mass of the lysimeter during the irrigation. Since ET could
not be measured separately during an irrigation event. gross inter-
ception loss, the water intercepted by and evaporated from crop lol-
iuge, wis approximated as the maximum evaporation rate possible
it all the cnergy supplied o the canopy by net radiation, sensible heat
flux, and soil heat flux was used in evaporating intercepted water, or

s =R, +H+GYA, (1)

where R, is net radiation, H is sensible heat flux. and G is soil heat
flux, all in W/m®, with all valucs positive loward the crop, and A is
the latent heat of vaporization (J/kg) used o convert energy flux into
mass loss. Net radiation and G were measured, with E estimated as

H:(Tn_Tr')pC;erh? (2]

where T.‘l is air temperature (“C) memurcd at 2.16 m above the soil
surface T, is canopy temperature (*C), I is atmosphern density
(kg/m™), and €, is speceific heat of moist air (Jkg™ PhCThy, Aerody-
Wi rcsnldnu, to heat transfer, r,, (s/m), is given as {Hatfield et al.
1984)

¥ (1+3 Ry, (M

it = Fom

where v, (s/m) iy the aerodynamic resistance to momentum trans-
fer (Thom 19753 calculated by

e =IN[CE=VZ,,, KU ). (4}

The Richardson number (Ri) is used as o stability correction (Mon-
teith 1963, 1973) and is estimated by

Ri=|g (T ~TZ AT, .17 ). (5)

where Z is reference height (m). k is von Karman's constant (.41,
U, is wind speed (m/s} at reference height Z, T, is Lhe average tem-
perature taken as [(T, +T.¥2], d is displucement height (m), deter-
mincd from (Montheith 1973} ay

o =0.63 A, (6)

where h is crop height (m). and Z,,,, is roughness length for momen-
tum (m}, given as {Monteith [973)

Z,,=0.13h (7)

oy

Estimated net interception loss (1.0 in mm/h) is defined as the
gross infereeption loss minus the difference in transpiration of g wet-
ted crop canopy (Tr,,, in mm/h) and a dry crop canopy {Try, in mm/h)
or

"l 1 = "g{u_\'\

~(TrTr, ). (%)

Reif &

9l

Predicted net interception loss {1, p. in mm/h} during an irrigation
(MeNanghton 1981} was calculated by

Ly py=(52=T )% 10 * ¢ UET, (9)

where U* is friction velocity (m/s). The McNaughton equation is a
simplified advection model representing cvaporation suppression in
the wetled area due to increased humidity, lowered temperature, and
u reduced sensible heat flux compared with the unwetted area. Eva-
potranspiration was measured and r, culculated immediately prior to
the irrigation event. Canopy resistance was calculated as {Szice.
ctal. 1973)

re=1pCher—e (Y- 2ETY) o (10)

where e, is saturuted vapor pressure (kPa} at canopy temperature
{T.} e, 1s ambicnt vapor pressure (kPa), yis the pw\Lhmmcmc con-
stant {kP.u’c‘(“) and AFT is latent heat (Tux (W/m?).

Friction velocity was estimated [rom the log-law wind speed pro-
file by
U*=04 U JIn|{iZ-dVZ,,,|. (11

Results and discussion

Transpiration. measured ET. and vapor pressure deficit re-
sponses to LEPA (L) irrigation (Tr, ET, , and VP, ) and
no (D) irrigation (Iry. ETp, and VPDp) arc shown in
Figs. 2 and 3 lor DOY 218 (08/06/90). Prior to the irriga-
tion, wind speed was <2 m/s and air temperature 22 °C.
Neither VPD, . Tr, . or ET| were substantially altered due
to microclimatic modification resulting from evaporation
of surface water. While Norman and Campbell (1983) mod-
cled comparable Tr and soil water evaporation rales in a
wet soil/dry canopy case, they noted that the importance
of evaporation from a wet soil surface is a function of soil
and crop characteristics and environmental conditions.
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Fig. 1 Overview of lysimeter field. associated weather station, and
lateral move sprinkler irrigation system
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Fig. 2 Measured evapotranspiration (ET) and transpiration (Tr) for
concurrent LEPA irrigation and no irrigation events, and associated
solar radiation. Vertical lines represent the beginning and end of the
irrigation
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Fig. 3 Changes in within-canopy vapor pressure deficit (VPD} dur-
ing and after LEPA irrigation and no irrigation events. Vertical lines
represent the beginning and end of the irrigation

Although ETp, and ET paralleled each other immedi-
ately following the irrigation for 0.25 h (Fig. 2, 1215-1230
h}, from 1245-1330 h ET, declined 0.14 mm compared
with ET, while Try and Trp, remained similar. This response
suggests that humidification of the environment was suf-
ficient to briefly suppress soil water evaporation, but not
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Fig. 4 Measured evapotranspiration (ET) and transpiration (Tr) for
concurrent impact sprinkier and LEPA irrigation events, and asso-
ciated solar radiation. Verlical lines represent the beginning and end
of the irrigations
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Fig. 5 Changes in within-canopy vapor pressure deficit (VPD) dur-
ing and after impact sprinkler and LEPA irrigation events. Vertical
lines represent the beginning and end of the irrigations

transpiration. A slight dropin VPDy occurred at the 0.36 m
and 0.66 m measurement levels (Fig. 3). Similar small,
brief declines in ET butnot Tr| also occurredon DOY 198
(07/17/90) on both lysimeters {data not shown). However,
on DOY 240 (08/28/90), a clear day with fairly high va-
por pressure deficits, the LEPA irrigation caused a notice-



able response in both ET| and Tr;, with a 0.14 mm/h de-
cline between pre- and post-irrigation ET, and possibly a
0.04 mm/h drop in Tr;_between 1200-1300 h (Fig. 4). The
VPD, measured by the two lower psychrometers during the
impact sprinkler irrigation also fell 0.5 kPa during this pe-
riod (Fig. 5).

On DOY 236 (08/24/90), drops in measured ET, Tr, and
VPD of impact sprinkler (I} irrigation (ET,, Tr;, and VPD)
compared with no irrigation suggest a strong response 10
microclimatic modification (Figs. 6 and 7). Prior to the ir-
rigation, wind speed was 3—4 m/s and air temperature was
30°C. Near the end of the irrigation (1200 h}, VPD, at the
lower two measurement levels had declined 1.4 kPa lower
than VPD,, and Tr, 0.7 mm/h lower than Trp,. Canopy tem-
perature of the impact sprinkler irrigated crop (T q,)
dropped 5.3°C (Table 1). ITmpact sprinkler transpiration
and canopy temperature recovered to near dry levels
rapidly {1 h), unlike VPD, which remained suppressed for
an additional hour before recovery began. However,
2T/ ETrp was 68% from 1030 to 1600 h (Table 1) and was
78% trom 0800 to 2000 h (data not shown), which was
20% higher than the daily total predicted by Thompson
et al. (1993). Similar ET, Tr, and T, responses to mi-
croclimatic changes occurred on DOY 240 (Figs. 4 and 5,
Table 2), DOY 193 (07/12/90), and DOY 212 (07/31/90)
{data not shown).

Visual inspection following impact sprinkler irrigation
found that the canopy dried typically within 0.5 h after the
irrigation application ceased. Due to the rapid dry-off of
the plant canopy, most I, losses were confined to the
period of irrigation application. Gross interception losses
for DOY 236and DOY 240 are summarized in Tables 1-2.
Estimated I, losses of the total net irrigation applica-
tion were 15% (2.31 mm) on DOY 236 and 10.3%
(2.2 mm) on DOY 24(. Immediately after the irrigation
ceased (1245h) on DOY 236, measured ET, was
0.08 mm/h higher than ET[, for (.25 h, but then declined
0.24 mm/h lower than ETp (Fig. 6). At 1245 h, measured
evaporative loss associated with stored canopy water and
soil water {ET[-Tr;} was 0.68 mm/h, or 0.}7 mm over a
0.25 h period. For 0.5 h (1400 h) immediately after the
DOY 240irrigation, ET;was 1.5 times that of ETy_(Fig. 4).
but then declined 0.16 mm/h lower than ET| at 1430 h. The
measured evaporation (ET-Trp) during that period was
0.76 mm/h, or (.38 mm (Table 2). This suggests an in-
itially high ET rate associated with drying of canopy-inter-
cepted water, followed by suppression of ETry, probably
due to microclimatic modification.

Measured transpiration suppression during the irriga-
tion reduced I, losses to 1.5, losses of 7.8% on
DOY 236 and 6.9% on DOY 240. Continued transpiration
suppression following the irrigation resulted in final I g,
losses of 4.7% on DOY 236 and 3.5% on DOY 240, Trans-
piration suppression during and after a 25.6 mm irrigation
application on DOY 193 reduced Iy, losses from 10% to
6.7% (data not shown). Due to variable solar radiation, re-
ductions of L losses on DOY 212 were limited to the
time of irrigation, with I, . g, losses of 5% for a 20.7 mm
application {data not shown). Gross interception losses
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Fig. 7 Changes in within-canopy vapor pressure deficit (VPD) dur-
ing and after impact sprinkler and LEPA irrigation events, Vertical
lines represent the beginning and end of the irrigation

medeled by Thompson et al. (1993) were 7.4% of the
38.7 mm water application, but reduced soil water evapo-
ration and transpiration resulted in an effective loss of ap-
plied irrigation water of 3.1%.

Predicted I,p, losses calculated the magnitude of
evaporation suppression from aerodynamic and canopy
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Table 1 Tmpact sprinkler (1) !
irrigation application ratc (Ap), Time ET, Trpy Tr, Apy Locons L AP oy APy T,
estimated gross interception . R
{oss (1 gm_\j. net interceplion h mm/h e mm/h % C
loss (1,0 either predicted (P} or .
cstimated (F). their pereent of :{1)88 030 g;(() 823 252 088 070 278 049 194 E;':'
sprinkler irrigation applicati - . -l : : s - - o
Cap). evipotanspiration (€1, 1130 0.84 028 1368 L14 058 42 057 4l 236
(ranspiration (Tr) for both e 1200 0.88 0.18 10.94 1.24 0.54 4.9 0.57 52 238
pact sprinkler inigation and no 1230 102 022 342 136 056 164 055 16 246
irrigation (T}, and canopy tem- 1245 L.12 1.04 0.44 %()'I
perature (T.). Time of irrigation 1300 f.8K 106 0.66 21.6
was 1045-1210 h CST 1400083 080 068 267
1600 (.74 0.72 .70 27.1
X (mm) 4.9¢ 3.40 15.2% 231 119 1.08
Table 2 Llmpact sprinkler (1} N
irrigation applicution rate { Ap). Time ET, Try. Try Apy Torows Lwwrs  APumy Toom APiey Tun
estimated gross inlercepiion _ o - e
loss ([,,..), net intereeption h mmn/h “« mm/h - % C
loss ([ cither predicted {P) or
estimaled (E). their percent ol 1130 0.76 0.58 0.70 _ 29.6
sprinkler irrigation application 1200 0.60 0.48 6.02 1.08 (.96 15.9 0.33 5.3 26.1
{Ap). evapotranspiration {ET), 1230 (.38 0.22 11.30 1.04 0.68 6.0 0.35 3.1 239
transpiration (Tr} for both im- 1300 (3.56 0.16 15.66 116 0.76 4.9 .35 22 24.1
pact sprinkler irrigation and 1330 {170 0.14 9.82 .02 {356 5.7 (1L.35 3.6 239
LEPA irrigation (L), and cano- 1400 1.12 0.74 0‘?(’ 28.0
py temperature (T,). Time of ir- 1415 0'7? 0.74 0‘:'6 28.5
rigation was 1145 1330 CST 1430064 074 056 29.1
NOY 240 1500 (.70 .74 (.64 29.0
1530 0.76 (.70 (.66 28.8
1600 0.78 {164 (.62
T imm) 329 227 21.440 2.20 1.4%8 .69

surface resistances to vapor transport and changes in can-
opy temperature, On DOY 2306, 1., 0, 10ss was within 109%
of I,.g, losses, but were 47% lower on DOY 240. On both
days, the canopy temperatures (Tables 1 and 2} and the 1,
values (81.9 s/m on DOY 236 and 75.3 s/m on DOY 24()
used in the calculations were very similar, but the friction
velocity (which approximates aerodynamic resistance) on
DOY 240 was 0.48 m/s whileon DOY 2361t was 0.22 m/s.
Estimated losses were also 2.3 times greater than predlicted
losses on DOY 193, when the crop had low canopy resis-
tance (36.7 s/my) bul high [riction velocity (0.35 m/s).
While the total predicted 1., and 1, s, losses were less
than 8% of the total impact sprinkler irrigation application
(or all days, low applicalion rates at the beginning and end
ot the irrigation resulted in higher percentages of losses
(AP and Ay, with 16-28% of the applied water be-
ing evaporaled. The predicted loss rates during these peri-
ods, however, were not substantially larger than those at
higher irrigation application rates,

Conclusions

The magnitude of canopy-intercepted irrigation losses is
limited by the storage capacity of the canopy. and the
amount of available energy used for evaporation. Signifi-

cant offsets in these losses through transpiration reduction
require that a substantial portion of evaporative demand be
met through transpiration. which occurs only during mid-
day. Overall, total interception losses were limited to less
than 8% of the (otal day time impactl sprinkler irrigation
application ranging between 15 and 25 mm. Transpiration
suppression due to evaporation of canopy-intercepted wa-
er and microclimatic modilication resulted in nel erop can-
opy interception losses between 5.1 and 7.1% of the ap-
plied irrigation water. Transpiration recovery to near pre-
irrigation levels was rapid, with additionul trunspiration
suppression of 1 -3% occurring only on days with high so-
lar radiation.

Typically, evaporation of surface water deposited by
LEPA had little effect on ET or transpiration, except on
days with high vapor pressure deficit; this limited any in-
creases in LEPA irrigation application elliciency. The wet-
ting of only alternate furrows which occurred in this study
most likely minimized the impact of soil water evapora-
tion on the microclimate.
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